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This research investigates the effect of CFRP plate length on flexural behaviour of GFRP strengthened reinforced
concrete beam. CFRP plate was placed on the bottom of the beam to act as tension reinforcement. Ten beams
were tested, largely divided into over designed and under designed reinforced beams. Each group had one steel
reinforced concrete beam, one GFRP reinforced concrete beam and three GFRP reinforced concrete beam with
different length of CFRP plate at the bottom of beam. Tested parameters included flexural strength, stress–strain
relationship and deflection. Results indicated that all strengthened beams had improved structural performance
where the maximum flexural strength increased by 102% and maximum deflection reduced by 35%. The CFRP
plate can significantly improve the load-bearing capacity of strengthened GFRP concrete beams.
Keywords: GFRP Bar, CFRP Plate, Flexural Stre gth, Deflection, Beam Strengthening.
1. INTRODUCTION
Steel reinforced concrete is often the most preferred structure
due to good durability. However degradation of its integrity
when used in marine structures, bridge decks, parking garages,
wastewater treatment facilities and chemical plants is higher due
to the aggressive environment (high humidity, fluctuating tem-
perature, and high chloride content); this is mostly because of
the reduction in concrete alkalinity that causes corrosion of steel
bars.1 The corrosion not only affects the durability of the con-
crete structure, but also poses safety hazard to the occupants.
In view of the inherent properties of conventional corrosion steel,
Fiber Reinforced Polymer (FRP) reinforcement seems to be a
promising reinforcement alternative for concrete structures in
aggressive environments.2 Other researched alternatives include
epoxy-coated steel bars, cathodes protection and improvement
of concrete cover.3 FRP bar can be done using a various type
of fibers, which include glass, carbon or aramid, and they
can be combined with epoxy resin, polyester or vinyl-ester to
form as Glass Fiber Reinforced Polymer (GFRP), Aramid Fiber
Carbon Fiber Reinforced Polymer (CFRP) and Reinforced Poly-
mer (AFRP) products.4 GFRP, in particular, gives higher ten-
sile strength to weight ratio and is corrosion free, lightweight,
non-magnetic, and non-conductive when compared to steel bar.5
∗Authors to whom correspondence should be addressed.
The GFRP material also has lower elastic modulus than steel and
exhibits elastic brittle behaviour.6
In the stress–strain relationship, GFRP having a linear elastic-
ity condition up to failure occurs and the failure mode of GFRP
reinforced concrete beam is in brittle condition than the ductile.7
Many design codes or guides call GFRP concrete beam will be
fail in over-reinforced failure mode because the plastic deforma-
tion of the compressive concrete increases the beam ductility.8
Moreover, because of the low elastic modulus of GFRP bars,
the concrete beams reinforced with GFRP tend to show larger
deflections in early stage and wider cracks than steel-reinforced
concrete beams with the same cross section and reinforcement
area.9 To minimize the deflection of structural concrete mem-
ber, external reinforcement is needed especially at the tension
area. FRP reinforcement materials have been demonstrated as
a successful technique to increase the strength and stiffness of
structure elements.
FRP has high strength fibers embedded in a matrix resin,
and when made into plates, it can act as an external reinforce-
ment. In addition, previous research from Refs. [10–15] cited
that CFRP plate has potential in the repair and strengthening
of steel reinforced concrete beam to sustain flexural and shear
forces. It can also reduce the total width of cracks and produce a
more even crack distribution over the length of the beam16 rec-
ommended that in strengthening applications, the external CFRP
should fail in tension after yielding of the internal steel and
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before failure of the concrete in the compressive zone to activate
a ductile failure mode. This is less possible for GFRP reinforced
concrete beam.
This paper discussed on an improvement in the deflection of
GFRP reinforced concrete beam done by adding CFRP plate
on the tension part of beam and investigate the effect of CFRP
length on three critical stress areas in the strengthened beams.
Experimental results on the flexural strength, deflection, stress–
strain relationship according to the different length of CFRP
strengthened shall be discussed. The resultant moment capac-
ity of each beam has been calculated using tensile strength and
young modulus of the materials. Comparison has been made on
the load-deflection, strain behaviour and failure mode with con-
trol sample. Theoretical moment capacity of each beam has been
calculated using conventional formulation to verify experimental
results.
2. MATERIALS AND METHODS
The Glass Fiber Reinforce Polymer (GFRP) bar as shown in
Figure 1 was obtained from the BP composites Ltd. from USA.
Its properties has been tested in accordance to CSA S807-10
2010 and ACI 440.3R-04 2004 are shown in Table I. This GFRP
bar was coated with sand and had polymer threads to obtain
better bond performance19 as shown in Figure 2. Sika CarboDur
Plates Carbon (see Fig. 3) was used as the CFRP strengthener
for this research. Two main materials forming Sika CarboDur
are carbon fiber as reinforcement and epoxy resin as matrix. The
best bonding agent compatible with this CFRP was Sikadur-30
(see Fig. 4).
High strength concrete (HPC) was used in t is research.
The compressive strength of this concrete is 61.8 Mpa after
28 days of curing period. Concrete mix proportions are shown in
Table II.
Fig. 1. Glass fiber reinforce polymer (GFRP).
Table I. Properties of GFRP bar and CFRP plate.
Reinforcement GFRP CFRP
Nominal size (mm) 13 100×12
Cross section area (mm2) 201 120
Tensile strength (MPa) 981 3100
Elastic modulus (GPa) 43.6 165
Ultimate elongation (%) 2.29 1.70
Fig. 2. GFRP coated with sand and polymer thread.
Fig. 3. Carbon fiber reinforce polymer (CFRP).
Fig. 4. Sikadur 30—bonding agent.
Table II. Concrete mix proportions.
Strength concrete (Mpa) 61.8
Slump (mm) 175±25
Cementitious (kg/m3) 520
Coarse Aggregate (kg/m3) 1020
Fine Aggregate (kg/m3) 694
Water (kg/m3) 155
A/C 3.3
W/C 0.3
3. OVERVIEW OF EXPERIMENTAL
PROGRAMME
This study involved a fabrication and testing of ten reinforced
concrete beam measuring 200 mm in width, 250 mm in depth and
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Fig. 5. Beam details and measurement schemes for beam (unit: mm).
Table III. Details of specimens.
No of main
reinforce bar
CFRP
plate
Bar size length
Group Specimen av/d Steel GFRP (mm) (mm) Note
Under reinforce CS2 4.85 2 2 12 – Control
design (UR)
CG2 13 –
CG2-4 400
CG2-13 1300
CG2-22 2200
Over reinforced CS3 4.85 3 3 12 – Control
design (OR)
CG3 13 –
CG3-4 400
CG3-13 1300
CG3-22 2200
2300 mm in effective length of span. This size was determined
according to the over reinforced design of ACI 440.3R-04 2004
and also laboratory testing limit. All beams were designed to fail
in flexure and tested under four point load system. The specimens
were grouped into reinforced (UR) and over reinforced (OR)
design (see Table III).
Each specimen group had three tested beams strengthened with
different length of CFRP plate at the bottom and two control
beam without strengthening plate. The location was based on
the maximum area of moment and area of shear crack and full
plate strengthening. Electrical resistance disposable strain gauge
manufactured was attached to the CFRP plate and on the inter-
nal reinforcing bar at different location. LVDT was installed at
the middle section to record vertical deflection. Static load was
applied using the load cell.
4. RESULTS AND DISCUSSION
4.1. Load Deflection Behaviour
Comparison was made between steel reinforced concrete beam
with GFRP reinforced concrete beam and among the GFRP rein-
forced concrete beams. Results showed that GFRP had increased
the beam strength more than conventional steel beam, regis-
tered at about 18% for UR and 102% for OR group. How-
ever, in terms of deflection, the deflection was larger as shown
in Figures 6 and 7. After the addition of CFRP, the behaviour
changed where the flexural strength improved and the maximum
deflection reduced. Flexural strength improved in range of 28% to
66% for UR group and 3% to 20% for OR group when compared
to control sample. Addition of the longest CFRP plate improved
reinforced concrete beams’ flexural strength in the range of 64%
for UR group and 45% for OR group.
4.2. Strain Distribution
Figures 10 to 17 presents the measured strain distribution through
the depth of the beams cross section at various load levels. The
neutral axis was determined at the intersection point of the strain
distribution. The assumption of plane cross section was valid for
GFRP-RCB strengthening with CFRP plate by referred to the
Fig. 6. Load deflection for under reinforced group.
Fig. 7. Load deflection for over reinforced group.
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Fig. 8. Strain behaviour for steel concrete beam (CS2).
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Fig. 9. Strain behaviour for GFRP concrete beam (CG2).
strain distribution in the concrete and reinforcement was nearly
proportional to the distances from the neutral axis.
4.3. First Crack Development
Table IV details out the crack for all beams tested. All the beams
cracked under a relatively small load about 18% to 25% of the
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Fig. 10. Strain behaviour for GFRP concrete beam (CG2-4).
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Fig. 11. Strain behaviour for GFRP concrete beam (CG2-13).
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Fig. 12. Strain behaviour for GFRP concrete beam (CG2-22).
ultimate load. The first visible crack was at the high moment
region. Increase in load to induce first crack shows that the
stiffness of beam became better. On average, the crack spac-
ing for beam strengthened with CFRP on the tension was less
Fig. 13. Strain behaviour for steel concrete beam (CS3).
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Fig. 14. Depth of neutral axis for GFRP concrete beam (CG3).
than the beam without external strengthening. This could mean
that the stiffness of the reinforcement had affected the cracking
behaviour of the strengthened beams. The spacing range from
50 to 100 mm for beam strengthened with CFRP plate compare
to the control beam steel with 150 to 200 mm spacing crack.
The average spacing was about 57.14% lower than the control
beam steel. The range of crack spacing also indicated that the
length of external reinforcement CFRP plate did not influence the
spacing.
Based on the number of and range of crack spacing, the results
showed that addition of CFRP plate at the bottom of beam could
increase the number of crack and also the loading to induce first
crack. This was the same for the OR group with three bars. Beam
CG3-22, in particular, had average number of cracks, highest first
crack load, and a cracking spacing of 50–100 mm. The gen-
eral indication is that increase in number of cracks had shown
a reduction in cracking spacing. This is attributed to the higher
stiffness of strengthened beam which had lowered the crack
spacing.
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Fig. 15. Strain behaviour for GFRP concrete beam (CG3-4).
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Fig. 16. Strain behaviour for GFRP concrete beam (CG3-13).
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Fig. 17. Strain behaviour for GFRP concrete beam (CG3-22).
Table IV. Crack behaviour.
Range
Number of crack
cracking
Ultimate First crack Shear Shear spacing
Beam load (kN) load (kN) (left) Moment (right) Total (mm)
C2 655 19 4 1 4 9 150–200
CG2 704 19 8 4 8 20 50–100
CG2-4 905 19 8 4 8 20 50–100
CG2-13 105 24.5 5 3 6 14 50–150
CG2-22 1305 24.5 7 2 7 16 50–100
C3 84 21 5 1 5 11 100–200
CG3 113 20 8 5 8 21 50–100
CG3-4 1155 22 7 5 8 20 50–100
CG3-13 1165 24 5 2 5 12 50–150
CG3-22 1361 32 7 5 7 19 50–100
5. CONCLUSION
Conclusion of this study are as follows;
1. The CFRP can significantly improve the load-bearing capacity
of strengthened concrete beams.
2. The CFRP length can increase the ultimate load of the
strengthened beam, such as by adding 400 mm of CFRP
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at the bottom of beam to increase 2% to 28% of flexural
strength.
3. The CFRP length can reduce the deflection of GFRP beam;
a short CFRP plate could reduce deflection about 29% when
installed at the bottom of the beam.
4. Beam strengthened with CFRP plate had reduced crack-
ing spacing at the surface of beam and the loading was well
distributed.
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